Introduction
============

Neovascularization is associated with ocular diseases, such as age-related macular degeneration (AMD) and diabetic retinopathy ([@b1-mmr-22-04-2733]). AMD affects the macula, leading to significant vision loss ([@b2-mmr-22-04-2733]). Diabetic retinopathy occurs in patients with diabetes mellitus and affects the blood vessels of the retina, ultimately causing vision loss through multiple pathways ([@b3-mmr-22-04-2733]). No surgery or drug treatment is available for patients who have already lost their vision.

A previous study have suggested that elevated levels of vascular endothelial growth factor (VEGF) serve important roles in the development of neovascularization ([@b4-mmr-22-04-2733]). VEGF-A, the most common isoform of VEGF, is predominantly produced by cells of the retinal pigment epithelium (RPE) ([@b5-mmr-22-04-2733]). A range of stimuli increase VEGF release from the RPE ([@b6-mmr-22-04-2733]), including the deprivation of adequate oxygen levels, also termed hypoxia ([@b7-mmr-22-04-2733]). Hypoxia triggers both the protein synthesis and the release of VEGF ([@b8-mmr-22-04-2733]).

VEGF is regulated by several factors under hypoxia. Among them, signal transducer and activator of transcription 3 (STAT3) contributes to the regulation of the immune response and inflammation in RPE cells ([@b9-mmr-22-04-2733]). Phosphorylated (p)-STAT3 translocates to the nucleus, where it activates pro-survival genes, such as survivin and Bcl-x1 ([@b10-mmr-22-04-2733]). In addition, STAT3 activation mediates VEGF expression levels in human pancreatic cancer and retina cells ([@b11-mmr-22-04-2733],[@b12-mmr-22-04-2733]). Another major regulator of VEGF is erb-B-2 receptor tyrosine kinase 2 (ERBB2), a member of the epidermal growth factor family; high expression of ERBB2 contributes to tumor progression by upregulating VEGF, thus accelerating tumor vascularization ([@b13-mmr-22-04-2733],[@b14-mmr-22-04-2733]). STAT3 interacts with ERBB2 in breast cancer cells ([@b15-mmr-22-04-2733]). However, the function of ERBB2 in ocular diseases remains unclear.

In the present study, a Janus kinase 2 (JAK2) inhibitor that blocks STAT3 activation ([@b16-mmr-22-04-2733]) was used to investigate whether STAT3 and ERBB2 may regulate VEGF release in an RPE cell line. The present study also aimed to identify the proteins that regulate VEGF release in the human RPE-derived cell line ARPE-19.

Materials and methods
=====================

### Reagents

High-glucose Dulbecco\'s modified Eagle\'s medium (DMEM), high-glucose DMEM F12, penicillin, streptomycin and FBS were purchased from Gibco; Thermo Fisher Scientific, Inc. Endothelial Cell Growth Medium 2 was purchased from PromoCell GmbH. Cobalt II chloride hexahydrate (CoCl~2~), JAK2 inhibitor AG490, poly-D-lysine, paraformaldehyde and DMSO were purchased from Sigma-Aldrich; Merck KGaA. Antibodies specific for hypoxia-inducible factor 1α (HIF-1α) (1:1,000; cat. no. 14179), nuclear factor-κB (NF-κB) (1:1,000; cat. no. 8242), p-NF-κB (1:1,000; cat. no. 3033), STAT3 (1:1,000; cat. no. 12640), p-STAT3 (1:2,000; cat. no. 9145), and p-ERBB2 (1:1,000; cat. no. 2243) were purchased from Cell Signaling Technology, Inc. The antibody against ERBB2 (MA5-13675; 1:1000) was purchased from Thermo Fisher Scientific, Inc. The antibody against neuregulin 1 (NRG1) (1:1,000; cat. no. ab53104) was purchased from Abcam. The antibody against lamin A/C (1:1,000; cat. no. SC-7292) was purchased from Santa Cruz Biotechnology, Inc. The antibody for α-tubulin (1:5,000; cat. no. T5168) was purchased from Thermo Fisher Scientific, Inc. The antibody against β-actin (1:10,000; cat. no. A2228) was purchased from Sigma-Aldrich, Merck KGaA. Normal donkey serum (NDS) was purchased from Bio-Rad Laboratories, Inc. Donkey anti-rabbit immunoglobulin G secondary antibody (1:200; cat. no. A-21206; Alexa Fluor^®^ 488 conjugate) and ProLong Gold Antifade Mountant with DAPI were purchased from Thermo Fisher Scientific, Inc. BD Matrigel™ Basement Membrane Matrix was purchased from BD Biosciences. CoCl~2~ was dissolved in water. AG490 was dissolved in DMSO.

### Cell culture and treatment

ARPE-19 cells (American Type Culture Collection) were cultured at 37°C with 5% CO~2~ in DMEM supplemented with 10% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin. For the HUVEC tube formation assay, ARPE-19 cells were cultured in DMEM F12 with 0.1% FBS. Cells were exposed to 100 µM CoCl~2~ over a time course (1, 3, 6, 9, 12 and 24 h) or incubated at 1% O~2~ in a hypoxic incubator (MCO-5M; Sanyo). Human umbilical vein endothelial cells (HUVECs; PromoCell GmbH) were seeded at a density of 1×10^5^ cells/well in 96-well plates coated with Matrigel™ and cultured at 37°C with 5% CO~2~ in DMEM F12 and 0.1% FBS.

### Western blot

A total of 1.5×10^6^ ARPE-19 cells were lysed in RIPA buffer (Thermo Fisher Scientific, Inc.) containing 25 mM Tris-HCl (pH 7.6), 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS, protease inhibitor cocktail (Roche Diagnostics) and phosphatase inhibitor cocktail (GenDEPOT). Quantitative analysis of proteins was performed using a BCA Protein Assay kit (cat. no. 23225; Thermo Fisher Scientific, Inc). Then, a total of 30 µg protein/lane was separated by SDS-PAGE on 8% gels and transferred to PVDF membranes using a Trans-Blot Turbo™ Transfer System (Bio-Rad Laboratories, Inc.). The membranes were blocked for 2 h at room temperature with 5% skim milk in Tris-buffered saline containing 0.1% Tween-20 and subsequently incubated overnight with anti-HIF-1α, anti-p-NF-κB, anti-NF-κB anti-p-STAT3, anti-STAT3, anti-p-HER2/ERBB2, anti-ERBB2, or anti-NRG1. Immunoreactivity was then detected using ECL reagent (Thermo Fisher Scientific, Inc.) on an Image Reader LAS 4000(Fujifilm Wako Pure Chemical Corporation).

### Cytoplasmic and nuclear protein extraction

Cells were harvested and washed with cold PBS. The cell pellet was resuspended in extraction buffer A (10 mM HEPES; 1.5 mM MgCl~2~; 10 mM KCl) containing 0.5 mM DTT, protease inhibitors and phosphatase inhibitors. Following incubation for 20 min on ice, the cytoplasmic extract was separated by centrifugation at 13,475 × g for 10 min at 4°C. The pellet was washed with cold PBS and resuspended in extraction buffer C (20 mM HEPES; 1.5 mM MgCl~2~; 420 mM NaCl; 0.2 mM EDTA) containing 25% glycerol, 0.5 mM DTT, protease inhibitors and phosphatase inhibitors. After incubation for 30 min on ice, the nuclear extract was separated by centrifugation at 13,475 × g for 20 min at 4°C. β-actin was used as a loading control. In addition, α-tubulin was used as cytoplasmic protein marker, while lamin A/C served as nuclear protein marker. Data were analyzed by western blot.

### Immunocytochemistry

ARPE-19 cells were seeded at 3×10^4^ cells/well and incubated for 12 h in poly-D-lysine-coated 24-well plates for cell attachment, followed by incubation at 1% O~2~ in a hypoxic incubator for 24 h. Cells were fixed with 4% paraformaldehyde for 5 min at room temperature and blocked with 5% NDS for 2 h in room temperature. Blocked cells were incubated with anti-p-NF-κB (1:1,600; cat. no. 3033) for overnight at 4°C. Subsequently, cells were incubated with donkey anti-rabbit immunoglobulin G secondary antibodies (1:200; cat. no. A-21206) for 1 h at room temperature and then mounted with ProLong Gold Antifade Mountant with DAPI overnight at room temperature (P36931). The images of coverslips were captured using fluorescence microscopy (magnification, ×200; Olympus Corporation). Data were analyzed using the Olympus Fluoview 4.2 software (Olympus Corporation).

### ELISA

ARPE-19 cells were seeded in 6-well plates at 5×10^4^ cells/well and cultured in medium supplemented with 1% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin. VEGF levels were measured using a commercial human VEGF ELISA kit (cat. no. BMS277-2) from Invitrogen; Thermo Fisher Scientific, Inc..

### HUVEC tube formation assay

HUVEC tube formation assays were carried out as previously described ([@b17-mmr-22-04-2733]--[@b20-mmr-22-04-2733]). ARPE-19 cells were cultured in DMEM F12 medium supplemented with 0.1% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin at 37°C with 5% CO~2~ in the presence of 10 µM AG490 and exposed to hypoxia for 24 h. The conditioned medium (CM) obtained from ARPE-19 cells was added to HUVECs seeded in 96-well plates coated with Matrigel™ at 1×10^5^ cells/well. HUVECs were incubated for 48 h with CM. ARPE-19 cells were divided into four groups as follows: i) Normoxia CM; ii) normoxia + 10 µM AG490 CM; iii) hypoxia CM; and iv) hypoxia + 10 µM AG490 CM. Tube formation (indicated by branch points at which at least three tubes joined), was counted and analyzed using a U-LH100HG light microscope (magnification, ×100) (Olympus Corporation) with ImageJ 1.46r software (National Institutes of Health).

### Statistical analysis

All data are presented as the mean ± SEM. Statistical analysis was performed using GraphPad Prism (version 5; GraphPad Software, Inc.). The differences between groups were analyzed using Student\'s t-test or one-way ANOVA followed by Dunnett\'s or Tukey\'s post hoc test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Hypoxic conditions alter the expression of hypoxia-related proteins in ARPE-19 cells

Experimental hypoxia was triggered in ARPE-19 cells using treatment with 100 µM CoCl~2~ or a hypoxic incubator (1% O~2~), and the levels of hypoxia-related proteins were measured by western blotting. Compared with that in the control group, the protein expression of HIF-1α was significantly upregulated after 3 h both in the presence of CoCl~2~ treatment (P\<0.05) and in hypoxic conditions (P\<0.001) ([Fig. 1](#f1-mmr-22-04-2733){ref-type="fig"}). In addition, phosphorylation of NF-κB also increased 6 h after CoCl~2~ (P\<0.05) treatment and following 24-h hypoxia (P\<0.01).

By contrast, phosphorylation of STAT3 was decreased by CoCl~2~ treatment (P\<0.01) but increased by hypoxia at the 24-h time point compared with that in the control group (P\<0.001). These results indicated that CoCl~2~ treatment could not identically replicate hypoxic conditions. Thus, subsequent experiments were carried out under hypoxic conditions using a 1% O~2~ incubator.

### Hypoxia induces phosphorylation of NF-κB and translocation of p-NF-κB from the cytoplasm to the nucleus

Since total protein analysis does not clarify the location of p-NF-κB, cytoplasmic and nuclear protein fractions were obtained from ARPE-19 cells. Western blot analysis of the nuclear and cytoplasmic fractions demonstrated that the levels of p-NF-κB significantly increased in the nucleus following 24-h hypoxia compared with those observed under normoxia (P\<0.05; [Fig. 2A](#f2-mmr-22-04-2733){ref-type="fig"}). Furthermore, immunocytochemistry analysis also demonstrated the accumulation of p-NF-κB in the nucleus under hypoxic conditions compared with normoxic conditions (P\<0.001; [Fig. 2B](#f2-mmr-22-04-2733){ref-type="fig"}). These findings demonstrated that hypoxic conditions induced the nuclear translocation of p-NF-κB.

### Hypoxia induces the phosphorylation of STAT3 and ERBB2 in ARPE-19 cells

Phosphorylation of STAT3 and STAT3-related proteins was assessed in ARPE-19 cells incubated under hypoxic conditions for 12 ([Fig. 3A](#f3-mmr-22-04-2733){ref-type="fig"}) or 24 h ([Fig. 3B](#f3-mmr-22-04-2733){ref-type="fig"}). To determine whether hypoxia was induced, HIF-1α was used as a hypoxic marker. Compared with that in cells under normoxic conditions, HIF-1α expression increased after 12 h under hypoxia, and this increase was sustained at 24 h ([Fig. 3C](#f3-mmr-22-04-2733){ref-type="fig"}). Phosphorylation of STAT3 was significantly increased at the at the 24-h time point (P\<0.01), but not at 12 h ([Fig. 3D](#f3-mmr-22-04-2733){ref-type="fig"}) compared with that under normoxia. In addition, although NRG1 expression appeared to increase at both time points, this effect was not significant ([Fig. 3E](#f3-mmr-22-04-2733){ref-type="fig"}). Phosphorylation of ERBB2 significantly increased after 24 h of hypoxia compared with that under normoxia ([Fig. 3F](#f3-mmr-22-04-2733){ref-type="fig"}). These results demonstrated that the phosphorylation of STAT3 and ERBB2 increased in ARPE-19 cells following 24-h hypoxia.

### AG490 suppresses hypoxia-induced phosphorylation of STAT3 and ERBB2 in ARPE-19 cells

To examine the relationship between STAT3 and ERBB2, ARPE-19 cells were treated with a commercial JAK2 inhibitor AG490 and incubated under hypoxic conditions for 24 h. Consistent with the aforementioned results, hypoxic conditions significantly increased phosphorylation of STAT3 and ERBB2 compared with that in the control cells; however, the addition of 10 µM AG490 reversed this effect, decreasing STAT3 and ERBB2 phosphorylation to levels similar to those of the control ([Fig. 4](#f4-mmr-22-04-2733){ref-type="fig"}). These results suggested a possible interaction between STAT3 and ERBB2, as AG490 is also a STAT3 inhibitor.

### AG490 suppresses hypoxia-induced VEGF release in ARPE-19 cells

VEGF levels in ARPE-19 cells cultured under hypoxic conditions were evaluated using ELISA. Hypoxia significantly increased VEGF release in ARPE-19 cells compared with those in the control group ([Fig. 5](#f5-mmr-22-04-2733){ref-type="fig"}). In addition, VEGF release decreased as the dose of AG490 increased compared with untreated cells ([Fig. 5](#f5-mmr-22-04-2733){ref-type="fig"}). These results demonstrated STAT3 is involved in the regulation of VEGF release.

### Conditioned medium (CM) from AG490-treated ARPE-19 cells suppresses HUVEC tube formation

To assess the effects of AG490 on neovascularization, a HUVEC tube formation assay was performed. After a 24-h incubation, the CM was added to HUVECs, which were incubated for an additional 48 h.

The number of branch points significantly increased in HUVECs incubated in hypoxia CM compared with normoxia CM (P\<0.001). However, HUVECs incubated in hypoxia + AG490 CM presented a significantly lower number of branch points compared with those incubated with hypoxia CM (P\<0.05). The number of branch points in the normoxia + AG490 CM group was similar to the normoxia CM controls, suggesting that in AG490 alone did not affect HUVECs ([Fig. 6](#f6-mmr-22-04-2733){ref-type="fig"}). These findings revealed that STAT3 affects branch formation via VEGF release.

Discussion
==========

Neovascularization in the retina is induced by multiple factors, and injury in newly formed blood vessels can result in visual impairment ([@b21-mmr-22-04-2733]). Anti-VEGF therapy is widely used and highly effective for the treatment of exudative AMD and diabetic retinopathy. However, anti-VEGF agents are costly and are administered in clinic through frequent injections ([@b22-mmr-22-04-2733]). Thus, alternative long-lasting therapeutic solutions for AMD and diabetic retinopathy are urgently required. Furthermore, a number of patients do not respond to anti-VEGF therapy or experience adverse effects, such as intraocular infection, intraocular pressure elevation, ocular hemorrhage and rhegmatogenous retinal detachment ([@b23-mmr-22-04-2733]). Identifying and inhibiting the fundamental mechanisms of VEGF release represents a promising strategy for treating retinal vascular disease.

VEGF is regulated by HIF-1α and NF-κB p65, which are increased by hypoxia ([@b24-mmr-22-04-2733],[@b25-mmr-22-04-2733]). NF-κB activation is associated with phosphorylation during hypoxia ([@b26-mmr-22-04-2733],[@b27-mmr-22-04-2733]). The p65 subunit of NF-κB is the primary regulator of NF-κB activity ([@b28-mmr-22-04-2733]). In the present study, the levels of p65 phosphorylation and nuclear translocation increased under hypoxic conditions compared with those under normoxia. CoCl~2~ treatment inhibits degradation of HIF-1α and is therefore thought to mimic hypoxia ([@b29-mmr-22-04-2733]); in the present study, HIF-1α expression and the phosphorylation of NF-κB p65 were increased by CoCl~2~ treatment and hypoxia. However, STAT3 phosphorylation decreased following CoCl~2~ treatment. Although both HIF-1α and STAT3 regulate VEGF expression, they have not been reported to interact with each other ([@b30-mmr-22-04-2733]). Therefore, HIF-1α was used as a marker of hypoxia in the present study. In addition, the potential interaction between ERBB2 and STAT3 was evaluated using AG490. Both ERBB2 and STAT3 were downregulated by AG490. ERBB2 overexpression induces activation of STAT3 upon tumor vascularization ([@b31-mmr-22-04-2733]). However, to the best of our knowledge, this has not been documented in the retina. Thus, the present study aimed to determine whether STAT3 and ERBB2 could regulate VEGF release in the retina.

The RPE serves an important role in the physiology of photoreceptors, including VEGF release ([@b32-mmr-22-04-2733]). The human ARPE-19 cell line does not develop typical epithelial cell polarization and may not be entirely representative of the retinal pigment epithelium; however, previous studies have demonstrated that APRE-19 cells display the characteristics of retinal epithelial cells ([@b33-mmr-22-04-2733],[@b34-mmr-22-04-2733]). In addition, ARPE-19 is a commonly used human cell line due to the difficulty in the culturing and extraction of specific RPE cells from the murine retina ([@b35-mmr-22-04-2733],[@b36-mmr-22-04-2733]). In the present study, phosphorylation levels of STAT3 and ERBB2 increased in ARPE-19 cells after 24 h of hypoxia. ERBB2 forms heterodimers with other ERBB receptors in a ligand-independent manner, and autophosphorylation of ERBB dimers, in turn, initiates several signaling pathways, such as RTK and MAPK pathways, which are associated with neovascularization ([@b37-mmr-22-04-2733]--[@b39-mmr-22-04-2733]). NRG1 is a member of the epidermal growth factor family that acts as an essential paracrine regulator of cell growth through the activation of ERBB tyrosine kinase receptors ([@b40-mmr-22-04-2733]). Therefore, NRG1 may indirectly interact with ERBB2. However, in the present study, although NRG1 levels appeared to increase after 12 h of hypoxia, this effect was not significant.

AG490 is a specific inhibitor of the JAK2/STAT3 pathway ([@b41-mmr-22-04-2733],[@b42-mmr-22-04-2733]). In the present study, AG490 suppressed the hypoxia-induced STAT3 and ERBB2 phosphorylation in ARPE-19 cells, suggesting a potential association between STAT3 and ERBB2. However, sinceAG490 is not a specific inhibitor of STAT3, the exact upstream mediators of STAT3 and ERBB2 phosphorylation under hypoxia remain unknown. Therefore, future studies should further examine the relationship between STAT3 and ERBB2.

The RPE releases VEGF, which binds to VEGF receptors on endothelial cells, promoting new blood vessel formation ([@b43-mmr-22-04-2733]). In the present study, AG490 suppressed hypoxia-induced VEGF release in ARPE-19 cells. In addition, the effects of VEGF secretion from RPE cells on retinal neovascularization were indirectly assessed in a HUVEC tube formation assay; HUVEC tube formation was increased by conditioned medium from ARPE-19 cells incubated under hypoxia compared with cells incubated under normoxia. However, hypoxia was inhibited in the presence of AG490. These results indicated that inhibition of STAT3 leads to a decrease in VEGF release, which decreases angiogenesis.

In conclusion, the results of the present study demonstrated that the phosphorylation of STAT3 and ERBB2 in ARPE-19 cells was increased by hypoxia, accompanied by the induction of VEGF release. AG490 suppressed these responses and ultimately decreased HUVEC tube formation. Thus, targeting the STAT3 and ERBB2 pathway represents a new strategy for alleviating neovascularization in the retina.
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![Hypoxic conditions affect the expression of hypoxia-associated proteins. HIF-1α expression and the phosphorylation of NF-κB p65 and STAT3 were examined by western blotting. HIF-1α expression levels and phosphorylation of NF-κB p65 and STAT3 following (A) 100 µM CoCl~2~ treatment and (B) hypoxic incubation (1% O~2~) in ARPE-19 cells. (C) HIF-1α/α-tubulin, p-p65 NF-κB/p65 NF-κB and p-STAT3/STAT3 protein expression ratio following CoCl~2~ treatment and (D) hypoxia. Band density is expressed as fold-change relative to the control group using an arbitrary unit. Data are presented as the mean ± SEM. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001 vs. control (0 h). HIF-1α, hypoxia-inducible factor 1α; STAT3, signal transducer and activator of transcription 3; NF-κB, nuclear factor-κB; p-, phosphorylated.](MMR-22-04-2733-g00){#f1-mmr-22-04-2733}

![Hypoxia induces phosphorylation and translocation of p-NF-κB. (A) Cytoplasmic and nuclear protein expression levels following hypoxia for 24 h was examined by western blotting. (B) NF-κB phosphorylation was detected by immunocytochemistry with DAPI counterstaining. Scale bar, 50 µm (M, 10 µm). Data are presented as the mean ± SEM. n=3. \*P\<0.05 and \*\*\*P\<0.001 vs. normoxia. NF-κB, nuclear factor-κB; p-, phosphorylated; M, magnified.](MMR-22-04-2733-g01){#f2-mmr-22-04-2733}

![Hypoxia induces phosphorylation of STAT3 and ERBB2. Hypoxia-induced protein expression was examined by western blotting. (A) Hypoxia was induced in ARPE-19 cells for 12 h. (B) Hypoxia was induced in ARPE-19 cells for 24 h. (C) HIF-1α, (D) p-STAT3/STAT3, (E) NRG1 and (F) p-ERBB2/ERBB2 protein expression. Band density is expressed as fold-change of each group relative to the control. Data are presented as the mean ± SEM. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001 vs. normoxia. HIF-1α, hypoxia-inducible factor 1α; STAT3, signal transducer and activator of transcription 3; ERBB2, erbB-2 receptor tyrosine kinase 2; NRG1, neuregulin 1; p-, phosphorylated.](MMR-22-04-2733-g02){#f3-mmr-22-04-2733}

![AG490 suppresses hypoxia-induced phosphorylation of STAT3 and ERBB2. ARPE-19 cells were exposed to hypoxia and treated with 10 µM AG490 for 24 h. Protein levels were examined by western blotting. Data are presented as the mean ± SEM. \*\*P\<0.01 and \*\*\*P\<0.001 vs. normoxia. ^†^P\<0.05 and ^†††^P\<0.001 vs. hypoxia. STAT3, signal transducer and activator of transcription 3; ERBB2, erbB-2 receptor tyrosine kinase 2; p-, phosphorylated.](MMR-22-04-2733-g03){#f4-mmr-22-04-2733}

![AG490 suppresses hypoxia-induced VEGF release. ARPE-19 cells were exposed to hypoxia and treated with the indicated concentrations of AG490 for 24 h. VEGF release was measured by ELISA. \*\*\*P\<0.001 vs. control; ^†^P\<0.05 and ^††^P\<0.01 vs. hypoxia. VEGF, vascular endothelial growth factor.](MMR-22-04-2733-g04){#f5-mmr-22-04-2733}

![AG490 suppresses HUVEC tube formation. Representative images of HUVECs incubated in ARPE-19 CM under normoxia, normoxia + AG490, hypoxia and hypoxia + AG490 conditions for 48 h (magnification, ×100). Branch numbers in HUVECs were calculated. Data are presented as the mean ± SEM. n=3. \*\*\*P\<0.001 vs. normoxia CM. ^†^P\<0.05 vs. hypoxia CM. HUVEC, human umbilical vein endothelial cell; CM, conditioned medium.](MMR-22-04-2733-g05){#f6-mmr-22-04-2733}
